We compare sensitivities of conventional spin-echo and fast spin-echo sequences in the evaluation of meniscal tears. Furthermore, we reevaluate the results from prior studies comparing these two sequences to understand why there are differing conclusions regarding the efficacy of fast spin-echo sequences as a commensurate replacement for conventional spin-echo sequences.
RI has been established as an effective technique with which to evaluate meniscal tears of the knee. Conventional spin-echo MR images have traditionally been used with reported sensitivities and specificities of 90-95% for the detection of meniscal tears [1] [2] [3] [4] [5] . Fast spin-echo MR images have been applied to decrease imaging time. Multiple reports have appeared in the radiology literature comparing conventional spin-echo with fast spin-echo MR images for meniscal tears [6] [7] [8] [9] [10] . The reports have generated differing conclusions for the efficacy of fast spin-echo sequences in detecting meniscal tears, which raises considerable controversy as to the true utility of fast spin-echo sequences. We performed this study to compare fast spin-echo images with conventional spin-echo images for the detection meniscal tears in the knee and to reevaluate the results of prior studies to understand why they have such different conclusions.
Materials and Methods
Routine knee MRI was performed on 216 consecutive patients (432 menisci) over a 2-month period using our standard knee protocol. There were 102 females and 114 males, ages 15-70 years (average age, 40.2 years). Imaging was performed with a 1.5-T system (Signa, GE Healthcare) and a transmit-receive knee coil. The sagittal images were used to evaluate the menisci. The conventional spin-echo imaging parameters for the sagittal images were as follows: fatsuppressed proton density; TR/TE, 2,000/20; matrix, 256 × 192; 2 signal averages; 16-cm field of view; and 4-mm-thick slice with 0.4-mm gap. The imaging time for this series was 7 min 20 sec. In addition, each patient was also imaged with a sagittal fast spin-echo imaging sequence with the following parameters: fatsuppressed proton density; TR/TE eff , 3,000/17; and echo-train length, 4. The remaining the parameters were identical to the conventional spin-echo protocol. The imaging time for the fast spin-echo sequence was 3 min 20 sec.
The fast spin-echo images were separated from the remainder of the study and interpreted by one of three board-certified and experienced musculoskeletal radiologists at least 1 month after the date of the examination. The original MR examination was interpreted in the usual manner within 24 hr of the examination by any of six experienced musculoskeletal radiologists. Comparison of the interpretations for meniscal tears was made after all 216 patients had been examined. Cases with discordant diagnoses between the conventional spin-echo and fast spin-echo examinations were then reexamined, and a consensus opinion was reached between two of the radiologists. A control group of 64 patients (128 menisci), separate from the 216 patients in the study group, who had undergone arthroscopy were used to determine the expected sensitivity and specificity for meniscal tears using our conventional spin-echo imaging protocol. In this cohort, there were 24 women and 40 men, ages 18-65 years (average age, 36.3 years). A tear was diagnosed when linear high signal that disrupted the articular surface of the meniscus was seen on at least one of the sagittal images or if the morphology was abnormal.
Comparison of the expected sensitivity for meniscal tears was made between the conventional spinecho and the fast spin-echo images based on the control group's sensitivity. The Student's t test was used to compare the results for statistical significance. Operative reports were used as the gold standard for the subset of those patients who had arthroscopy.
Results
All of the patients in the control group of 128 menisci used to establish the sensitivity and specificity of conventional spin-echo at detecting meniscal tears were also examined arthroscopically. In the control group, 49 of the 53 arthroscopically proven tears were detected on conventional spin-echo imaging. Two of the menisci interpreted as having a tear on conventional spin-echo imaging were not torn at arthroscopy. Hence, the sensitivity and specificity of the conventional spin-echo sequence were 93% and 97%, respectively.
A comparison of the fast spin-echo and conventional spin-echo images of the study group of 432 menisci indicated that 170 tears (39%) were detected on the conventional spin-echo sequence and only 128 tears were detected on the fast spin-echo sequence. Taking into account expected false-negatives and false-positives generated from the control group, we found that the sensitivity of the fast spin-echo sequence was 80%. Furthermore, conventional spin-echo and fast spin-echo interpretations were discordant in 72 of the 432 menisci. This corresponds with a statistically significant discordance of 17% (p < 0.01). Among the 72 cases with discordant interpretations, 42 tears were not identified on fast spin-echo but were readily diagnosed on conventional spin-echo (Figs. 1-4) . Of the 42 torn menisci that could not be detected on fast spin-echo images, 27 (64%) were medial tears and 15 (36%) were lateral tears. The remaining 30 menisci showed abnormal meniscal signal on fast spin-echo images that was not present on conventional spin-echo images.
Discussion
A review of six studies, including our study, focusing on sensitivities of fast spinecho sequences in the detection of meniscal tears has shown a distinct discrepancy between the sensitivities of fast spin-echo and conventional spin-echo sequences ( Table 1) . The sensitivities for detecting a meniscal tear on fast spin-echo sequences average approximately 80%, whereas the sensitivities of the conventional spin-echo sequences in the listed studies average approximately 90%. As mentioned earlier, other studies that evaluate the sensitivity of conventional spin-echo imaging alone have reported sensitivities ranging from 90% to 95%.
In addition, we found the discordance between conventional spin-echo and fast spinecho sequences in our study to be 17%, which is a considerable percentage of incongruity. Both the group of false-positive and false-negative meniscal tears on fast spinecho imaging may be attributed in part to blurring. It has been postulated that abnormal intrameniscal signal in a fast spin-echo sequence may appear to extend to the meniscal surface secondary to blurring and be incorrectly interpreted as a tear [6] . Alternatively, the increased blurring and decreased resolution associated with fast spin-echo imaging can contribute to false-negative interpretations. Blurring is most evident with short-TE eff sequences. However, short-TE sequences are most proficient for detecting meniscal abnormalities [2, 11] . Blurring is also more conspicuous with longer echotrain lengths, such as those incorporated in fast spin-echo imaging protocols [12, 13] . We chose an echo-train length of 4 to minimize blurring.
An MR image is created after a complete set of raw data points fills the k-space matrix, A B which is a grid composed of spatial frequencies. Conventional spin-echo sequences accumulate a single line of k-space during transverse magnetization decay after each 90°r adiofrequency excitation. The single line of kspace data is obtained at a particular TE and the spatial frequencies are weighted the same. The appeal of fast spin-echo includes faster imaging time and the potentially associated decrease in patient motion artifact. The fast spin-echo sequence saves imaging time by decreasing the number of radiofrequency excitations required to complete the k-space matrix. With each initial 90° radiofrequency excitation, more than one 180° refocusing radiofrequency pulse is applied. Therefore, several k-space lines are acquired with each radiofrequency excitation, instead of only one as with conventional spin-echo sequences. The echo-train length represents the number of 180° refocusing radiofrequency pulses and is also the factor by which imaging time can be truncated. The different generated echoes have different spatial frequencies and weighting. Depending on how the echoes are arranged in the k-space matrix and the time to echo (i.e., the TE), image contrast and resolution may be manipulated.
Although there are proponents for fast spin-echo imaging as a commensurate substitute for conventional spin-echo imaging, there is clearly a significant difference in the sensitivities between the two imaging sequences. In addition, a more qualitative preference for conventional spin-echo images was also observed by the radiologists in the study by Kowalchuk et al. [10] . The benefit of faster imaging time should not outweigh the diagnostic inferiority of fast spin-echo images.
The limitations of our study include the use of expected conventional spin-echo sensitivities for meniscal tears that were established from a control group based on arthroscopy as the gold standard. In addition, the gold standards used to calculate sensitivities varied among the studies listed in Table 1 between conventional spin-echo and arthroscopy. However, multiple other studies have similarly used conventional spin-echo as the standard with which to compare fast spin-echo. The sensitivity of conventional spin-echo is well documented, and our results concur with the established sensitivities. Nonetheless, a prospective study directly comparing conventional spin-echo and fast spin-echo sequences with arthroscopy would provide a more precise data set. Although the validity of arthroscopic detection of meniscal tears as a gold standard has been debated [14] , it remains the most widely accepted method of meniscal tear confirmation.
In conclusion, we strongly urge abandonment of fast spin-echo sequences for evaluating the menisci. In our study of 432 menisci, we would have failed to detect 42 tears if we had relied on the fast spin-echo sequence, which is unacceptable. The varying opinions regarding the utility of fast spin-echo sequences seem to be based on differing conclusions derived from the studies rather than differences in the results generated from the studies, because all published studies show an approximately 80% sensitivity for meniscal tears with the fast spin-echo sequence. 
